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(54) COMPUTER SYSTEM AND ITS CLOCK CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To surely realize a power management function for 
preventing useless power consumption and also to realize the sure operation of 
an application program by means of requested ability by varying a clock 
frequency in accordance with system conditions. 

SOLUTION: A system controller 10 indicates the variation of the clock frequency 
with respect to a clock controller 1 in accordance with the load state of CPU 
12the residual capacity of a battery 15 and the heat temp, state of CPU 12 and 
variably sets the clock frequency to a proper value in accordance with the system 
conditions. Thushigh ability is shown in CPU 12 at the time of executing the 
application programthe useless power consumption is saved in the battery 16 
and the distruction in CPU 12 and the incomplete function of the system are 
prevented. 



CLAIMS 



[Claim(s)] 

[Claim 1]A computer system comprising: 

An output clock means to generate and output a clock required for operation of a 
system. 

CPU which operates based on said generated clock and executes an application 
program. 

A switching signal output means which outputs a clock switching signal by 
detecting a predetermined operating state of said system during execution of 
said application program. 

A clock switching means which once interrupts operation of said application 
program by CPUand switches a clock frequency of said output clock means in 
response to said clock switching signalA means to make execution of an 
application program by said CPU resume after said clock frequency is switched. 

[Claim 2]The computer system according to claim 1 which is provided with the 

following and characterized by said switching signal output means outputting said 

clock switching signal according to remaining capacity of a battery detected by 

said battery capacity detection means. 

A battery used as a power supply for operation of a system. 

A battery capacity detection means by which an application program detects 

remaining capacity of said battery working. 

[Claim 3]The computer system according to claim Iwherein it provides a 
temperature detecting means which detects exothermic temperature of said CPU 
and said switching signal output means outputs said clock switching signal 
according to exothermic temperature of CPU detected by said temperature 
detecting means. 

[Claim 4]Provide a programing operation detection means to detect an operating 
state of an application programand said switching signal output meansThe 



computer system according to claim 1 characterized by outputting said clock 
switching signal according to an operating state of an application program 
detected by said programing operation detection means. 
[Claim 5]The computer system according to claim 4wherein said programing 
operation detection means detects an operating state by counting the number of 
times of an idle state of CPU. 

[Claim 6]The computer system comprising according to claim 1: 

A discriminating means which distinguishes whether an application program 

which is operating by said system is a program about communication. 

A discontinuation means to interrupt an output of said clock switching signal 

since a clock frequency outputted by said output clock means is fixed when it is 

distinguished by said discriminating means that an application program about 

communication is working. 

[Claim 7]An output clock means to generate and output a clock required for 
operation of a system. 

CPU which operates based on said generated clock and executes an application 
program. 

By being the clock control method provided with the aboveand detecting a 
predetermined operating state of said system during execution of said application 
programA step which outputs a clock switching signaland a step which once 
interrupts operation of said application program by CPUand switches a clock 
frequency of said output clock means in response to said clock switching 
signalAfter said clock frequency is switchedit consists of a step which makes 
execution of an application program by said CPU resume. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the computer system which has 
the function to change the frequency of the clock for operation of a system 
according to predetermined conditions. 
[0002] 

[Description of the Prior Art]Conventionallya note type or palm (palm) top type 
personal computer has a common method which uses a rechargeable battery as 
a power supply for operation of a system. In such a methodin order to save the 
power consumption of the battery which has restriction in power capacityvarious 
kinds of power management functions are developed. 
[0003]There is a method to which the frequency of the clock for operation of a 
system is reducedand the power consumption of a battery is reduced as a result 
as one of the power management function of this. The system controller (control 
section which has an interface function between each element in a system) 
which has a function which controls the clock in a system by this methodlt carries 
out by carrying out dividing of the frequency of the clock from a clock generator 
according to the preset value set up by keystroke of a keyboard from a user. 
TherebyCPUa display control leretc. to which a clock is supplied from a system 
controller make the power consumption of a battery decline as a whole in order 
to operate with the clock of low frequency. 
[0004] 

[Problem(s) to be Solved by the lnvention]As a power management function 
adopted as the conventional personal computerthere is a method to which the 
frequency of clocks for operationsuch as CPU and a display controllers reduced. 
Howeverin the conventional methoda working application program is once 
terminatedit is a premise to set up a clock frequency by keystroke etc. from the 
exteriorand the system will operate by the set-up clock frequency until it will 
cancel itonce it is set up. 

[0005]For this reasonwhen operating the application program which needs high 



capability (high clock frequency)while the low clock frequency had been set 
upthe situation where smooth operation cannot be performed occurs. When the 
conversely high clock frequency is set up and the application program is not 
operatinguseless electric power will be consumed. 

[0006]According to the situation of a systemeven if various kinds of application 
programs of the purpose of this invention are workingAs a clock frequency is 
changed dynamicallythe power management function which prevents useless 
power consumption is realized certainlyand it is in realizing positive operation of 
an application program by the capability demanded. 
[0007] 

[Means for Solving the Problem]A computer system which has an output clock 
means whose this invention is characterized by that a system comprises the 
following to generate and output a clock required for operation of a systemand 
CPU which operates based on said generated clock and executes an application 
program. 

A switching signal output means which outputs a clock switching signal by 
detecting a predetermined operating state of said system during execution of 
said application program. 

A clock switching means which once interrupts operation of said application 
program by CPUand switches a clock frequency of said output clock means in 
response to said clock switching signal. 

A means to make execution of an application program by said CPU resume after 
said clock frequency is switched. 

[0008] 

[Embodiment of the lnvention]With reference to drawingsan embodiment of the 
invention is described below. Drawing 1 is a block diagram for explaining the 
clock control system related to this embodiment drawing 2 is a block diagram 
showing the important section of the personal computer related to this 
embodimentand drawing 3 is a flow chart for explaining operation of this 



embodiment. 

(System configuration) As shown in drawing 1 the system of this embodiment has 
the clock controller 1 which generates a clock required for operation of a system 
and is supplied to each elementand has a function in which this clock controller 1 
changes the frequency of a clock according to the situation of a system. The 
clock controller 1 carries out dividing of the basic clock CP (for examplefrequency 
of 75 MHz) supplied from the clock generator 2and generates the clocks 
CFCHand CM and CL of different frequency. The clock controller 1 generates the 
clocks CFCHand CM and CL of different frequency according to the concrete 
conditions which are in the situation of a system (a clock frequency will be 
changed if it puts in another way). 

[0009]Based on CPU 12 having received the SMI (system management 
interruption) signal from the load primary detecting element 3 of CPUthe battery 
remaining capacity primary detecting element 4and the exothermic primary 
detecting element 5 of CPUthe clock controller 1 specificallylf there are directions 
which change a clock from CPU12signal SI which shows that a clock is 
conversely changed to CPU 12 will be outputtedand a clock variable authorized 
state (stop Grant state) will be set for CPU 12. If such a set is madeCPU12 will 
suspend operation of an application program. 

[0010]And if CPU 12 is stabilized with the clock after a frequency change after a 
clock is switched by the clock controller 1the clock controller 1 will cancel a stop 
Grant stateand will make it the usual application program operating state. 
Frequentlyeven if workingi.e.an application program etc.is working by repeating 
this control as for a systemit is smoothand a clock frequency can be switched 
certainly and efficiently and power consumption can be reduced. 
[001 1]Clock CF is used as the clock of the maximum frequency (75 MHz) 
corresponding to a full power mode in this embodimentThe clock CH is used as 
the clock of the high frequency (it may be about 48 MHz) corresponding to a high 
power modeClock CM is used as the clock of the intermediate frequency (it may 
be about 37 MHz) corresponding to a medium power modeand clock CL is 



assumed to be a clock of the lowest frequency (it may be about 24 MHz) 
corresponding to a low power mode. 

[0012]The aforementioned concrete conditions mean the loaded condition at the 
time of operation of CPUthe remaining capacity of the battery which is a power 
supply for operation of a systemand the exothermic temperature (skin 
temperature of CPU) of CPU. Thenthe system of this embodiment has the load 
primary detecting element 3 of CPUthe battery remaining capacity primary 
detecting element 4and the exothermic primary detecting element 5 of CPU as a 
concrete means forjudging each condition. 

[0013]With reference to drawing 2 the system configuration at the time of applying 
this embodiment to a personal computer is explained below. The aforementioned 
clock controller 1 is formed in the inside of the system controller 10. The system 
controller 10 is a control section which has a function of system interface 1 1 
grade. The system controller 10 supplies a required clock (CFCHCMCL) to 
CPU 12 or the display controller 14 on operation with the clock controller 1or 
performs control to suspend. 

[0014]The system controller 10 is connected with the switch controller (power 
supply microcomputer) 15 which controls the power supply from the 
rechargeable battery 16 which is a power supply for operation of a computerand 
the remaining capacity of the battery 16 is notified to it from the switch controller 
15. The system controller 10 inputs a temperature detecting value from the 
temperature sensor 13 which detects the skin temperature of CPU12and is 
supervising whether the skin temperature of CPU 12 is over the permissive 
temperature value. 

(Clock control processing) With reference to the flow chart of drawing 3 the clock 
control processing which is operation of this embodiment is explained below. 
[001 5]Firstif one [ a power supply ]the operating power of a system will be 
supplied by control of the switch controller 15 based on the electric power of the 
battery 16 (Step S1). In the system controller 10the clock controller 1 supplies 
clock CF of the maximum frequency (75 MHz) corresponding to a full power 



mode to CPU 12 based on basic clock CP from the clock generator 2 (Step S2). 
This embodiment explains only the clock control processing supplied to CPU12. 
[0016]The system controller 10 is supervising the exothermic temperature of 
loaded-condition [ of CPU 12 which is in the situation of a system ]battery 
remaining capacityand CPU12and directs variable [ of a clock frequency ] to the 
clock controller 1 according to the situation. 

[001 7] According to this embodimentthe loaded condition of CPU 12 is detected to 
the 1 stand it directs variable [ of a clock frequency ] according to the loaded 
condition (Step S3). The loaded condition of CPU12 is an operating state when 
CPU 12 is executing the application programand the above-mentioned full power 
modethe high power modethe medium power modeand the low power mode are 
supported by the stage. The loaded condition of CPU 12 is judged by the driver 
software attached to OSfor example from the number of times of the idle state of 
CPU 12 in a certain fixed time. That issince the flag which shows a busy state 
whenever CPU 12 accesses I/O or a memory is setthe system controller 10 
recognizes the number of times of an idle state based on the number of times of 
a set of this flagand detects the loaded condition of CPU 12. 
[0018]The system controller 10 directs to change a clock frequency according to 
each mode to the clock controller 1when the loaded condition of CPU12 is except 
a full power mode (NO of step S4S5). For examplewhen the loaded condition of 
CPU 12 is equivalent to a high power modethe clock controller 1 is relatively 
changed into the clock CH of high frequency (it may be about 48 MHz). 
Similarlyin the case of a medium power modeit changes at clock CM of an 
intermediate frequency (it may be about 37 MHz)andin the case of a low power 
modechanges at clock CL of lowest frequency (it may be about 24 MHz). 
[0019]The system controller 10 supervises the remaining capacity of the battery 
16and directs variable [ of a clock frequency ] to the clock controller 1 according 
to the remaining capacity (Step S6). Whenever the power capacity of the battery 
16 decreases to some extent from 100% - 75% (full charge state)the switch 
controller 15 generates SMI (system management 



interruption)andspecificallynotifies it to the system controller 10. 
[0020]The system controller 10 directs to change a clock frequency according to 
predetermined remaining capacity to the clock controller 1when the remaining 
capacity of the battery 16 is except 100% - 75% (NO of Step S7S8). For 
examplewhen the remaining capacity of the battery 16 decreases to 74% - about 
50%the clock controller 1 is changed into the clock frequency of the clock CH 
equivalent to a high power mode. It changes into clock CM which similarly is 
equivalent to a medium power mode when it decreases to 49% - about 25%and 
when it decreases to 24% or lessit is made to fall to clock CL of the lowest 
frequency equivalent to a low power mode. 

[0021]When the system controller 10 supervises the exothermic temperature of 
working CPU 12 and the exothermic temperature is over the permissive 
temperature valueit directs to reduce a clock frequency to the clock controller 1 
(step S9). The temperature sensor 13 installed in the surface of CPU 12 
specifically detects the skin temperature of CPU12 alwaysand the switch 
controller 15 always supervises this detecting signal. And when the exothermic 
temperature of CPU 12 turns into temperature of following (1) - (3) determined 
beforehandthe switch controller 15 generates interrupt signal SMI (system 
management inturrupt)and is transmitted to CPU 12. It points to CPU 12 to the 
system controller 10and the clock controller 1 is made to perform clock control 
according to it (Step S1 0S1 1 ). 

[0022](1) When temperature TA which brings down the frequency of a CPU clock 
is exceededpublish an SMI signalcarry out a speed down using a stop clock 
functionand reduce generation of heat. (2) If temperature falls from temperature 
TB which resets a speed downan SMI signal will be publisheda speed down will 
be stopped and it will return to a hand and the usual speed. (3) Even if it controls 
the above (1)when a rise in heat continues further and temperature TC is 
exceededpublish an SMI signal and turn off a power supply compulsorily. The 
relation of each temperature serves as "TB<TA<TC." 
[0023]A permissive temperature value changes with systemsin addition is 



determined by the loaded condition of CPU12i.e.a relation with a clock frequency. 
As mentioned abovein order to switch a CPU clock dynamically during a system 
actionit takes a certain amount of time (0.5 to 0.8 ms). Thereforewhen workingthe 
problem of compatibility may be produced for the application program for 
communication. Thereforealthough a CPU clock can be switched working [ an 
application program ] in this inventionit keeps from permitting the change of a 
clock only during communications processing. In order to realize a stop of this 
clock changeOS of a system supervises whether the application program under 
present operation is a communications program. When a communications 
program is workingCPU12 outputs a clock hold signal to the clock controller land 
a clock change is made not to be performed. 

[0024]According to this embodimentaccording to the situation of a systema 
system is maintainable in the always proper state by carrying out variable setting 
out of the frequency of a clock required for operation of CPU 12 grade as 
mentioned above. That isaccording to the loaded condition of CPU12when the 
capability of a full power mode is required in operation of an application 
programclock CF of maximum frequency corresponding to it can be suppliedand 
clock CL of lowest frequency can be conversely supplied at the time of un- 
operating. Thereforean application program can be performed smoothly and the 
power consumption of the battery 16 can be saved by reducing a clock frequency 
at the time of un-operating of an application program. 
[0025]The power consumption of the battery 16 can be saved as a result by 
carrying out variable setting out of the frequency of a clock according to the 
remaining capacity of the battery 16. When it decreases especially to the 
capacity (for example24% or less) near the lower limit of tolerance levelby 
making it fall to the minimum clock frequency (CL)the power consumption of the 
battery 16 can be saved as much as possiblefor exampleresume processing can 
be performed certainly. By thisthe batteries 16 decrease in number below to the 
lower limit of tolerance levela system serves as malfunctionand the situation 
which the required data of preservation eliminates can be prevented beforehand. 



[0026]When the exothermic temperature of CPU 12 is supervised and exothermic 
temperature is over the permissive temperature valuethe exothermic temperature 
of CPU 12 can be reduced by reducing a clock frequency compulsorily. 
Thereforethe situation where CPU 12 breaks or it runs recklessly by the unusual 
rise of the exothermic temperature of CPU12 can be prevented beforehand. 
[0027] 

[Effect of the lnvention]As explained in full detail abovewhen it applies to 
especially a personal computer according to this inventionby changing a clock 
frequency according to the situation of a systemlt is realizable to operate an 
application program certainly by the power management function which prevents 
useless power consumptionand the capability demanded. By specifically 
changing a clock frequency according to the loaded condition of CPUthe 
remaining capacity of the battery which is a power supply for operation of a 
systemand the exothermic temperature of CPUSaving of the power consumption 
of a batteryexecution of a positive application programand also previous 
prevention of the malfunction of a system can be planned. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram for explaining the clock control system related to 
this embodiment in this invention. 

[Drawing 2] The block diagram showing the important section of the personal 
computer related to this embodiment. 

[Drawing 3] The flow chart for explaining operation of this embodiment. 
[Description of Notations] 

1 -- Clock controller 

2 -- Clock generator 

3 -- Load primary detecting element of CPU 



4 - Battery remaining capacity primary detecting element 

5 -- Exothermic primary detecting element of CPU 

10 - System controller 

1 1 -- System interface 
12 --CPU 

13 -- Temperature sensor 

14 -- Display controller 

15 - Switch controller 

16 ~ Rechargeable battery 
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M. CL) «U *fe{*ffxbf««!ia**Tfi:5. 
[0 0 14] 77,xAPVhP—51 Ott, 3Vfc2~ 

^ o)Wfmw%7?$>%im&fti^J : r y 1 e ^scowsi 

SSU ll3yhP~7l 53& X 5/V>>?y 1 6<0»8« 
Siiffl^n^, 7^AP>hP-7l Otis 

(7P-y7*J»W) iUTS13fi07P-x-f- h®«^ 
t T. *SUK»«fiO«f^T?4S* 7 p -y ^tflWMBco^ 

[00 1 5] $t\ m&t>$tl%t. ««3VhD 
-51 S^IMWCjcy/^yxy 1 6©m73i£S-7^T, 



(4; 
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h\ « a v vmmm 2 #5©**$ p^cp tur^ 

T, 7/Wt7-^-Re«JST§MB)i» (7 5MH 
z) ^P7^CFSCPU1 2fcttlW & Ufy7 

S2) 0 ^mmmva, cpui 2 teener* 

7*ymifco^T©*g^lT^ 
JO 0 1 63 J^x&aV ha —5 1 Ott, S^xJMD 
tOl?** C P U 1 2 fflftlf » /Vy?'J C 
PUT 2<038SJ^S£K8L?a5y> *©«&Jett^T 

[0 0 17] *SfeH0t3&Tt4, HKeCPU 1 20!>ft«S 
4*»*fctfc U *©*MSFtt»{cf&i;T?P -> 7Ji$$E© 
RTSSriSjR-r® U?y^S3) , CPU1 2<Oft*5# 
8g£i4. C P U 1 2 fry* 7 3 >7a 7"5A£|g 

lt^* t *©s^«s1it^ y , ^cmmic <k y itii 
{D7;Uy\9~ ; e~~F, /w/v7~i- k, =fV7An 
7-^-H\ P-/<7— Ktc»J6L.T^». CPU 

1 2 o sights F5-fM7 7 h7x 

7SC.£ #j^fi*«-^^felT'£DC PU 1 20)T<( K 
*W^©lHlftfrS*J«tf*i*. IPS. 7X5A3 7ba 
-5 1 ott, c pu i 2# 1 /o$fci4/€ y*r^-t 

OBt*B»UTs C P U 1 2<0ftfll«!8*&tH*-«, 
[0 0 18] ha— 5 1 0f4, CPU1 2 
onmwtf' 7 j W t9 - KttJKD £ * (c, - K 
icSf o T 7 p v 7 JS«£BJ^T.S ctBn'^3V 
Ur^wf -5 (Xxy7"S4<0NO, S5) 0 
CPUi 2<0jHt««Ei t /\-rA7— t-K(£« 

L^SSS (4 8MHzSSE£TS) <Z)7Q'>7CHtC5f 

{0 0 193 #S(^ ->7srA3> hP-— 51 0(4. 

>y 7 )1«cDbI^=&7 p >> 7 □ V {* a -5 1 tdta^T* 
(XT77S6) , &ft0*JlCt4, fl3Vi-P~7l 5 
It, MyfU 1 6#Wj*ft£MH*tf 1 0 0%~7 5% 
IW i b S 5 MS 7^ Sfi(-c, S M i (-> 

7ba-5 1 oftasat^, 

[0 0 2 0] 77nT-j£*37 0J4, /Wr'jl 

6©SI8«#1 0 0%~7 5 WMS 
S«tt:S£o T 7 P 7 7 18 :&$E£Sjrr § C £ &7 P 7 7 
P7 ha—5 1 (Cjimf § (Xf 77S7CDN0, S 



Wc»im(ttt, 7P 77a7 1 »M 

*f y t«7 - K tcffl t $ 7 P y 7 C H © 7 P y 7 IS % 

mc*mtz, mmx, 4 9%- 2 5 %«.:M'i> tfc 

iT-rfA/^-t- KS<-*i^T£7P7 7 
C MtcWS U 2 4 %&T Lfc«£fc 14 □ -7 t 
7™=E™ K(cfS&r«M»X8[g)?ay?C LtZHS 

[002 1] 7Xx^P7hn-51 0(4, »ft 
WCPU1 2©SJHSIS*fi«U ^©S&aiKtft* 

* C £ #7P v 7 3 > h a 1 tcflijSt® (Xt y 7 
S9) , H#»t£Mt, CPU1 2{D«ffi(t|S'UnftS 
*'feV*H 3tfs 5WICPU1 2 L 

S, *UT, CPU1 2C0^«lg*^46^*n/tW 
T (1) - (3) <oawtK4-afti|^, «PavhP~ 
51 5M;*jy&*Wf^SM I (system ma na 
gement inturrupt) ^Sl^ U CPU 
1 2izim$ti&. C P U 1 2m?A3y hP- 5 
1 0 (c!S^ IT, 7 P v 7 a> H P~5 1 (C^ntcJS U 
ft^nv Uf?7SiO, SI 
1 } . 

[0 0 2 2) {1} CPU^ny^<OJBa»*^V* 
*»iMIT A %i«?tft*^ S M i U X h 

•> 7*Dy?tK^I LTXt — F7~7>*#T^ 
**6r. (2) X£-K*9>*y*v h?$»*T 

F7'77^ih«>#, iim®Xt-»K(tSr, (3) M8B 

»K«aS*0 F F t ft*. #;aSCD»f*, r T 8 
<T A < T C j fcftoT^«. 
[0 0 2 3] £3S, «FS3iSE»t4. >-XxAicj:y«fe 
^(DfSCPUl 2©ftRrttK, §P^7n<y7S» 
t©iK»-p«ife*n5» i-:a:«.i:d;t s CPU7P->7 

t4s »*«S<D^ffH (0. 5~0. 8ms) tfjfpfr*. 
«7l, j»lffl<07 r ^y 7—7 a 77 P 75A%KW 

T, *HfflWF7U7-7 3 V7"a^5JUO«ff^ 
tc. CPU^P7 7*«3*^jKi*oT^«tf, 3111 

? □ 7fD«3^^%if rJ Lftl>4: aict 
* e CCD7P-y7tZf^S>1fjt^*i|,1-Sfc», ->7s?A 
©OS(4. «»4 1 fD7 7 7y 7-7 3 77p75A^ 
a-fi7P75AT-a^*^*^S«f « s If7P 75 
i*#SiWT'£ ^1^(£{4, CPU1 2 #7 P '7 7 □ V 
hP-51 (cSstLT. 7P-y7*™^Rf«%ai73U 
7P^7«ilx.^?^Dti^^J;-3(c-r^ 
[0 0 2 4] «U:<!)J:5l£**JMKKt£*fttf, 7X5 
ACDWCSSCTx CPU1 2f®im»7P7 
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f cSlfir * € § C t StftK, T 7 7'^-> a >7 
□ 75 Affl^SfBSfcli P ■> -?/s 5E«£ffiTtf iiS C 

[0 0 2 5] *fc, /Wf";i 6<0*«l(cfSS-3T*P 
rU 1 6 ®}«aWlA*»«f*Ci: #tc, IP 

cilery, 6ffliSH«**-et*/S 

{0 0 2 6] CPU1 2iD4g»>llS^S«L 

t, *«^:{W8s^$»*T^*«£tc, mm 

tc^av'5'JS-»»*fiT*-t+'5Cttc«fcy, CPU 1 2 
©«(HM£«T*-&$ Se^>T> CPU 

1 2<&KH^aaW)JI?S«:±J¥tc<fcy> CPU1 2«*S 

*«. 

[00 27] 




— K 

i — 5P7^av hp— 5 
3-CPU<P*ltfftltitt 

i o-i hn-5 

1 1 ->Xt^<^-7i-X 
1 2 -CPU 
1 3 

1 4-H^a> hp— 5 
1 5-flSaKa> hn-7 

[B2] 
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